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Abstracts / Osteoarthritis and Cartilage 20 (2012) S10–S53S16increasing knee extensor muscle mass, interventional studies aimed at
reducing risk for progression of knee OA should assess the effects of
improving neuromuscular activation patterns.Ă
Table 1
Participant characteristics for each group
OA Overweight Healthy Weight
Age (years) 63.3 (9.7) 55.3 (8.9) 57.3 (10.2)
Gender (n, %)
Female 17 (57) 16 (53) 21 (70)
Male 13 (43) 14 (46) 9 (30)
Body mass index (kg/m2) 28.6 (3.6) 28.7 (2.6) 21.8 (1.8)
KL grade of OA severity (n, %)
Grade 2 11 (37) - -
Grade 3 9 (30)
Grade 4 10 (33)
WOMAC*
Pain (0-20) 7.6 (3.1) - -
Stiffness (0-8) 4.1 (1.6)
Physical Function (0-68) 26.0 (9.2)
Mean (SD) unless stated
*Western Ontario and McMaster Universities Arthritis Index - lower scores indicate
less pain/stiffness and better physical function
Table 2
Group means (SD) for Peak KAM, KAM impulse and KFM for each condition
Modiﬁed Shoes Control Shoes Barefoot
OA
Peak KAM (Nm/Bw*ht%) 3.73(1.30)* 4.02 (1.35)y 3.54 (1.27)
KAM Impulse (Nm.s/Bw*ht%) 1.17 (0.47)* 1.26 (0.48)y 1.10 (0.47)**
KFM (Nm/Bw*ht%) 3.62 (1.82) 3.53 (1.86) 3.50 (1.94)
Overweight
Peak KAM (Nm/Bw*ht%) 4.68(1.28)* 4.92 (1.37)y 4.14 (1.14)**
KAM Impulse (Nm.s/Bw*ht%) 0.97 (0.21)* 1.04 (0.21)y 0.90 (0.20)**
KFM (Nm/Bw*ht%) 5.22 (1.83) 5.02 (1.91) 5.21 (2.01)
Healthy Weight
Peak KAM (Nm/Bw*ht%) 4.36 (1.09) 4.54 (1.14)y 3.93 (0.98)**
KAM Impulse (Nm.s/Bw*ht%) 0.98 (0.22)* 1.06 (0.23)y 0.94 (0.22)
KFM (Nm/Bw*ht%) 4.94 (1.92) 4.83 (1.75) 4.94 (1.97)
*Signiﬁcant difference between unloading shoes and control shoes (p<0.05)
**Signiﬁcant difference between unloading shoes and barefoot (p<0.001)
ySigniﬁcant difference between control shoes and barefoot (p<0.001)13
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Purpose: Excessive knee joint loads play a role in the pathogenesis of
knee osteoarthritis (OA) and may contribute to symptoms of knee pain
in this patient group. Being overweight/obese may further increase
these loads and risk of developing OA. The foot is an integral component
of the lower limb closed kinetic chain and its position and motion
inﬂuence knee load. Because of this, shoes can increase or decrease
knee load depending on their design features. Previous research has
shown that many types of currently available shoes increase the
external knee adduction moment (KAM), a proxy for medial knee jointloading. Walking in footwear that elevates medial knee loads may place
people at risk of development or progression of knee OA. Custom-
modiﬁed shoes have the potential to lower the KAM. The purpose of this
study was to evaluate whether modiﬁed shoes which incorporate both
lateral wedging and a variable-stiffness sole can reduce the KAM in
three populations: 1) individuals with symptomatic and radiographic
knee OA, 2) overweight individuals with no knee pain and 3) healthy
weight individuals with no knee pain.
Methods: 90 individuals (30 per group) were recruited from the
community for this study (Table 1). Participants underwent 3-dimen-
sional gait analysis across three testing conditions in random order and
blinded to shoe type i) wearing themodiﬁed shoes, ii) wearing standard
recreational walking shoes (control shoes) and; iii) barefoot. Walking
speed during gait analyses was controlled to within 5%. For each
condition, ﬁve trials with clean single force plate strikes were collected
from the study limb. Peak KAM and knee ﬂexion moment (KFM) (Nm/
Bw*ht%), and KAM impulse (Nm.s/Bw*ht%), were determined for each
trial and averaged. Gait variables were compared across conditions and
between groups using mixed 3x3 ANOVAs. Tukey's post-hoc tests were
used to examine sources of signiﬁcant differences.
Results: Mean(SD) peak KAM, KAM impulse and peak KFM values for
each condition are presented in Table 2. There was a signiﬁcant shoe x
group interaction (p< 0.001). Post-hoc tests revealed that the modiﬁed
shoes signiﬁcantly reduced peak KAM compared to the control shoes in
both the OA and overweight groups. The reduction was approximately
8% in the OA group (p¼0.002) and 5% in the overweight group (p¼0.03).
In all three populations, the KAM impulse was signiﬁcantly reduced
compared to the control shoes by 7-9% (p< 0.001). In most cases, KAM
measures during both shoe conditions were signiﬁcantly higher
compared to barefoot walking (p< 0.01). The exceptions to this were
whenwearing the modiﬁed shoes, peak KAM in our OA group and KAM
impulse in our healthy weight group were not signiﬁcantly different
from barefoot. The KFM was not signiﬁcantly different across test
conditions for any participant group (p> 0.05).
Q-angle Category
(sex-speciﬁc
case-based
quintiles)
Cases
N¼142
n (%)
Controls N¼142
n (%)
Crude Odds
Ratio (95% CI)
Adjusted*
Odds Ratio
(95% CI)
Lowest 27 (19.0) 34 (23.9) 1.0 (Reference) 1.0 (Reference)
2nd 29 (20.4) 29 (20.4) 1.4 (0.6, 3.2) 2.3 (0.9, 5.7)
3rd 29 (20.4) 34 (23.9) 1.3 (0.6, 2.9) 1.5 (0.6, 3.5)
4th 29 (20.4) 20 (14.1) 2.3 (0.9, 5.6) 2.5 (0.9, 6.8)
Highest 28 (19.7) 25 (17.6) 1.8 (0.7, 4.4) 2.3 (0.8, 6.4)
p for trend 0.13 < 0.0001
Q-angle Category (dichotomized)
Lowest 27 (19.0) 34 (23.9) 1.0 (Reference) 1.0 (Reference)
2nd - Highest 115 (81.0) 108 (76.1) 1.5 (0.8, 3.1) 2.0 (0.9, 4.3)
*Adjusted for presence of radiographic tibiofemoral OA
Abstracts / Osteoarthritis and Cartilage 20 (2012) S10–S53 S17Conclusions: Our ﬁndings illustrate that a shoe design incorporating
both a lateral wedge and variable-stiffness sole can signiﬁcantly
reduce parameters of medial knee joint load compared to a control
walking shoe. Future research examining the effects of these shoes on
pain, physical function and long term joint structural changes are
warranted.
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THE RELATIONSHIP BETWEEN QUADRICEPS ANGLE DURING
WALKING AND PATELLOFEMORAL OSTEOARTHRITIS IN OLDER
ADULTS: THE MOST STUDY
K. Gross 1,2, J. Niu 2, Y. Tseng 1, Y. Zhang 2, H.J. Hillstrom3,
D.J. Mattson 1, M.C. Nevitt 4, N.A. Segal 5, C.E. Lewis 6, D.T.
Felson 2. 1MGH Inst. of Hlth.Professions, Boston, MA, USA; 2Boston Univ.,
Boston, MA, USA; 3Hosp. for Special Surgery, New York, NY, USA;
4Univesity of California, San Francisco, San Francisco, CA, USA; 5Univ. of
Iowa, Iowa City, IA, USA; 6Univ. of Alabama, Birmingham, AL, USA
Purpose: A purported cause of patellofemoral (PF) joint damage in
younger adults is lateral patellar maltracking brought about by an
excessive quadriceps angle (Q-angle) during gait. However, the
relationship between Q-angle during gait and PF radiographic OA
(ROA) has not been studied in older adults. Challenges to such
a study include between-person differences that can confound the
association of Q-angle with PF ROA, but may be difﬁcult to
adequately measure or control for. The purpose of this study was to
assess the cross-sectional relationship of Q-angle during walking
with PF ROA in older adults using a within-person knee-matched
design that eliminates confounding by unmeasured between-person
differences.
Methods: Eligible subjects were participants in the 60-month
Multicenter Osteoarthritis Study (MOST) exam with unilateral PF
ROA. MOST includes subjects from Alabama and Iowa that have or
are at risk for knee OA. Individuals for this study were selected as
having knees discordant for PF ROA. Case knees met the OARSI
criteria for deﬁnite PF ROA on lateral knee radiograph, as read by two
musculoskeletal radiologists (inter-rater weighted kappa ¼ 0.75 for
joint space narrowing score). Control knees were the contralateral
knee without PF ROA from the same subject. Using synchronized
frontal and sagittal 60 Hz video recordings, a single trained physical
therapist (intra-rater ICC¼ 0.64) measured Q-angle between a line
connecting passive markers on the anterior superior iliac spine of
the pelvis with the center of the patella, and a line connecting
passive markers on the center of the patella with the tibial tuberosity
at midstance during two self-paced walking trials. Categories of
increasing Q-angle were formed using the sex-speciﬁc quintile
distribution of Q-angle among case knees. With the lowest quintile
as a reference group, conditional logistic regression estimated the
relative odds of PF ROA in each category of increasing Q-angle while
adjusting for the presence of tibiofemoral (TF) ROA (KL grade > 2 on
PA ﬁxed ﬂexion x-ray).
Results: 142 subjects had knees discordant for PF ROA. Mean +/- sd
age, BMI, and walking speed was 68.9 +/- 7.6 yrs, 32.3 +/- 6.6 kg/m2,
and 1.12 +/- 0.20 m/sec, respectively. 52.1% of subjects were female,
89.4% were white, and 47.9% were examined at the Alabama clinic
site. Mean +/- sd Q-angle was greater among case knees than among
control knees (7.7 +/- 6.4 degrees vs. 6.9 +/- 6.1 degrees, p ¼ 0.19),
and greater generally among women. After adjusting for the pres-
ence of TF ROA, the relative odds of PF ROA were greater in cate-
gories with increased Q-angle (p for linear trend < 0.0001) (see
Table). Among knees with the largest Q-angle (> 14.4 degrees
among women or > 11.1 degrees among men) the odds of PF ROA
was 2.3 (95% CI: 0.9, 5.7) times greater than among knees with the
smallest Q-angle (< 4.0 degrees among women or < 0.5 degrees
among men). When comparing all other knees (2nd - 5th quintile
categories) to knees with the smallest Q-angle (1st quintile cate-
gory), the odds of PF ROA was twice as great (adjusted OR ¼ 2.0; 95%
CI: 0.9, 4.3).
Conclusions: Increased Q-angle during walking is associated with an
increased prevalence of PF ROA among older adults. These ﬁndings from
a within-person knee-matched study are unlikely to be confounded by
unmeasured between-person differences. The ﬁndings may have
implications for the treatment of PF ROA using interventions that
reduce Q-angle during walking.15
ROTATIONAL KNEE LOAD PREDICTS CARTILAGE LOSS OVER 12
MONTHS IN KNEE OSTEOARTHRITIS
M. Henriksen 1, R.S. Hinman 2, M.W. Creaby 3,2, F. Cicuttini 4,
B.R. Metcalf 2, K.-A. Bowles 2, K.L. Bennell 2. 1 The Parker Inst.,
Copenhagen, Denmark; 2Univ. of Melbourne, Melbourne, Australia;
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Purpose: Walking biomechanics are recognized as important in the
structural progression of knee osteoarthritis (OA). In this regard,
much focus has been directed at the external knee adduction
moment as a marker of knee joint load. However, other indices of
knee joint loading may also be important inﬂuences in structural
disease progression. Of relevance may be rotational forces applied to
the knee. Many of the structural changes that occur in knee OA are
plausible candidates of rotational load related damage. This study
evaluated the relationship between the knee medial rotation
moment (KRM) during walking and indices of structural progression
assessed by magnetic resonance images (MRI), in people with medial
knee OA.
Methods: Data from 143 (72%) individuals (80 females, age: 64.4
yrs, BMI: 28.6 m/kg2) who participated in a clinical trial were
analyzed. The clinical trial showed no signiﬁcant effect of lateral
wedge insoles on pain, function or joint structure compared to
control insoles, thus data from treatment groups were pooled for
this analysis. Baseline knee rotational load, expressed as an
external moment during walking, was assessed by the peak KRM
and KRM impulse obtained from three-dimensional biomechanical
gait analyses. MRI at baseline and at 12 months was used to assess
structural progression. Medial and lateral tibial cartilage volumes
were deﬁned by manual segmentation of the cartilage with
subsequent three-dimensional rendering. Total tibial cartilage
volume was deﬁned by summing the medial and lateral volumes.
Tibiofemoral cartilage defects and bone marrow lesions (BMLs)
were scored using a validated semi-quantitative system. Multiple
regressions with adjustment for covariates were used to assess the
relationships between baseline rotational knee load parameters
and annual change in medial, lateral and total tibial cartilage
volume normalized to the respective tibial plateau area. Logistic
regression was used for the dichotomous dependent variables of
progression (yes/no) of medial and lateral tibiofemoral cartilage
defects and BMLs.
Results: A higher baseline peak KRMwas associated with greater loss of
lateral and total tibial cartilage volume loss over 12 months (Table). A
higher baseline KRM impulse was associated with greater medial,
lateral and total tibial cartilage volume loss over 12 months (Table). No
signiﬁcant relationships were found between baseline rotational
loading and progression of medial or lateral tibiofemoral cartilage
defects or BMLs.
Conclusions: This study suggests that rotational knee loading may be
a risk factor for loss of tibial cartilage volume. The medial/lateral loca-
tion of the cartilage loss appears dependent on the rotational loading
parameter evaluated (peak KRM vs. KRM impulse). As rotational knee
load is modiﬁable [e.g. insoles], biomechanical treatments targeting
rotational load may potentially modify the disease progression and
warrant future investigation.
